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1. Introduction

In RAN1#61, it was agreed to use two different multiplexing rules on PUSCH for two different types of UCI, i.e., repeating HARQ-ACK and RI across all layers of both CWs and mapping CQI/PMI on only one CW.  The agreements for the detailed UCI multiplexing mechanisms on PUSCH for both single CC and multiple CCs are as follows,

· HARQ-ACK and RI:

· Replicated across all layers of both CWs 

· TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· FFS: How to determine the number of UCI symbols on each CW and each layer  

· CQI/PMI: transmitted only on 1 codeword

· Reuse Rel-8 multiplexing and channel interleaving mechanisms
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Extension: The input to data-control multiplexing {                                   ,                     

        } is grouped into column vectors                                of length Q_m*L 

· L (1 or 2) is the number of layers the CW is mapped onto

· Enable time (RE) alignment across 2 layers for L=2

· UCI symbol-level layer mapping: same as (treated as a part of) data

· FFS: Mechanism for CW selection

However, the following issues are still open and need to be addressed,
· How to select the CW on which the CQI/PMI are multiplexed for CQI/PMI;
· How to determine the number of UCI symbols on each CW and each layer.
In this contribution, we further discuss the above open issues of UCI multiplexing on PUSCH and give our recommendations.
2. CW Selection for CQI/PMI
Some criteria to select the appropriate CW have been presented in [1, 3-6] such as better channel quality, higher SINR, higher MCS level, lower decoding latency and less throughput loss, etc.  Several methods to signal the selected CW to the UE were discussed, including semi-static configuration by higher layers, signalling dynamically via PDCCH, implicit indication by MCS, and fixing the selected CW.  
From the point of view of the control signalling overhead, it is most attractive to use a fixed CW (e.g. the first CW, CW0 as defined in [9]), or a CW that can be implicitly indicated, e.g. the CW with the higher MCS level, as indicated implicitly by the MCS field on the PDCCH.  
However, it should be noted that the MCS level may not necessarily be a reliable indicator of the reception reliability of the CQI/PMI, since according to the Rel-8 UCI multiplexing rule the number of REs used by the UCI is based on the MCS level of the PUSCH – i.e. the UCI will simply use more REs if the PUSCH MCS is low, in order to maintain the same UCI decoding reliability. 

Taking into account the requirements of a SIC receiver, the CQI/PMI should preferably be multiplexed with the CW designed to be decoded successfully first.  In the case of a pre-ordered SIC receiver, the CW designed for first successful decoding might opt to use a lower MCS level and the second CW might use a higher MCS to take advantage of inter-CW interference cancellation.  
From the point of view of PUSCH throughput loss, there should be little difference depending on which CW the CQI/PMI is mapped to, because the CQI/PMI will use more REs out of a PUSCH with low MCS and fewer REs out of a PUSCH with high MCS. Therefore this does not seem a significant factor. 

Therefore, for simplicity we propose that CQI/PMI should simply be multiplexed with CW0. This leaves the eNB the freedom to ensure that CW0 is designed for first decoding in the case of a SIC receiver if the eNB wants to do so.
3. Number of UCI Symbols on PUSCH with UL-SCH Data
3.1. Number of HARQ-ACK and RI symbols per layer
For HARQ-ACK and RI multiplexing on PUSCH, it is agreed that HARQ-ACK and RI are replicated across all layers of both CWs.  Although the coded modulation symbols of HARQ-ACK and RI carried on each layer occupy the same REs, the HARQ-ACK and RI on each CW have different code rates due to the different modulation levels corresponding to the UL-SCH data on the same CW.  Thus HARQ-ACK and RI have different offset parameters, 
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 for CW0 and CW1, respectively.  According to the calculation of the number of coded symbols of UCI for single layer in LTE Rel-8 [9], the number of coded modulation symbols of HACK-ACK and RI on two CWs could be determined by,
[image: image3.png]o A s PUSCH —initial 7 PUSCH —initial PUSCH
O-M,, N gmb Ly Zoffset 0| 4 3 PUSCH
Cp1 s M

Z K,‘.O |

O; =min




               (1)

for CW0, and 

[image: image4.png]PUSCH —initial 5 y PUSCH—initial PUSCH
O- \[ "N symb Ll jnffsm 1 PUSCH
=L 4a?

O, = min




               (2)

for CW1.
Here, [image: image5.wmf]O

 is the number of HARQ-ACK bits or RI bits, 
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 is the number of DFT-S-OFDM symbols per subframe for initial PUSCH transmission for the same TB.  
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 are used to represent the number of layers on which CW0 and CW1 are mapped, respectively, where 
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 denote the number of code blocks for CW0 and CW1, as well as 
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 denote the number of information bits in the r-th code block of CW0 and CW1, respectively.  To align with the HARQ-ACK and RI symbols across all layers of both CWs, the final number of coded modulation HARQ-ACK and RI symbols on each layer could be determined by a general formula as follows
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For HARQ-ACK information, [
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] for CW0, and [
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] for CW1, where 
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 should be configured taking into account the spatial diversity gain achieved by repeating the transmission.  

For RI, [
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] for CW1, where 
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 should also be configured taking into account the spatial diversity gain achieved by repeating transmission.

Several methods to calculate the UCI symbols proposed in [10] are summarized as follows.
· Option 1: use the spectral efficiency of CW0, i.e., SE0
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· Option 2: use the spectral efficiency of CW1, i.e., SE1
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· Option 3: use the larger spectral efficiency between 2 CWs, i.e., max{SE0, SE1}
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· Option 4: use the aggregate spectral efficiency of both CWs, i.e., SE0+ SE1
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· Option 5: use the averaged spectral efficiency of 2 CWs, i.e., (SE0+ SE1)/2

In fact, all these options are included by the general formula.  For example, assuming 
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 for both CWs to simplify the description, Option 1 could be achieved by setting,
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Option 3 could be achieved by setting,
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and vice versa;  Option 4 could be achieved by setting,
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or                                   
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The simulation results in [10] have shown that no single option has the best performance with MMSE-SIC receiver at all SNR values although Option 4 has the best performance with MMSE only receiver.  Therefore, considering that we cannot specify the exact receiver at eNB, we recommend using the general formula equation (3) to calculate the UCI symbols and do not identify the exact option.  The 
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 could be semi-statically configured by RRC-signalling.  By setting different values of 
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 , we could realize the different options, which could an implementation issue.
3.2. Number of CQI and/or PMI symbols

Since CQI/PMI shall be multiplexed on all layers of only one CW, the total number of coded modulation symbols of CQI and/or PMI could be determined by,
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where 
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4. Conclusions

In this contribution, we discuss the CW selection of CQI/PMI multiplexing and give our recommendation on determining the number of UCI symbols multiplexed on PUSCH with UL-SCH data.  We propose:
· CQI/PMI is simply multiplexed with CW0 for simplicity.
· The number of UCI symbols on each CW and each layer is determined as set out in Section 3 and do not specify the exact option.
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